Authoritative guidelines state that the diagnosis of ventilator-associated pneumonia (VAP) can be established using either endotracheal aspirate (ETA) or bronchoalveolar lavage fluid (BALF) analysis, thereby suggesting that their results are considered to be in accordance. Therefore, the results of ETA Gram staining and semiquantitative cultures were compared to the results from a paired ETA-BALF analysis. Different thresholds for the positivity of ETAs were assessed. This was a prospective study of all patients who underwent bronchoalveolar lavage for suspected VAP in a 27-bed university intensive care unit during an 8-year period. VAP was diagnosed when >2% of the BALF cells contained intracellular organisms and/or when BALF quantitative culture revealed >10
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entilator-associated pneumonia (VAP) is associated with significant mortality, morbidity, and costs (1, 2) . Reliably diagnosing VAP is essential, as early and adequate antibiotic treatment lowers its mortality rate (3) . Conversely, unnecessary antibiotic use may lead to redundant side effects and costs, and it promotes antibiotic resistance (4) . Yet, a consensus on both the clinical definition and final diagnosis of VAP are still lacking (5, 6) . Cultures of lower respiratory tract samples, such as protected specimen brush, bronchoalveolar lavage (BAL) fluid, or open-lung biopsy, have demonstrated high predictive value for the identification of VAP causative microorganisms and are frequently considered superior to endotracheal aspirates (ETAs) (7) (8) (9) (10) (11) (12) . In contrast, an ETA sample is more readily obtainable from mechanically ventilated patients and is frequently a component of microbiological surveillance (13) . Since colonization precedes infection (14) , bacteria identified by (surveillance) cultures of ETAs may indeed be the causative microorganisms once VAP develops (13) . ETA nonquantitative cultures nevertheless lack a validated threshold for positivity and, consequently, they may not distinguish colonization from infection and may be nonindicative for VAP. Furthermore, their value in VAP management has been explored only in small and experimental studies, and their usefulness remains under debate (7, 13, 15) . Whereas only a few guidelines discourage the use of ETAs for VAP diagnosis (16) , the majority of VAP guidelines recommend the use of either ETA or bronchoalveolar lavage fluid (BALF) analysis to diagnose VAP (17) (18) (19) . These guidelines thereby suggest that the results of ETA and BALF analysis are in accordance.
This study compared ETA Gram staining and semiquantitative culture to paired BALF analysis results in patients with suspected VAP. Furthermore, the best thresholds for the positivity of ETA Gram staining, ETA semiquantitative cultures, and BALF Gram staining for VAP diagnosis were explored.
MATERIALS AND METHODS

Setting.
The study was conducted in the Maastricht University Medical Centerϩ, a 715-bed hospital with approximately 30,000 annual admissions and 27 intensive care unit (ICU) beds, including 9 for cardiothoracic surgery patients. Other elective postoperative patients are infrequently admitted because of a 24-h postanesthesia care unit at the hospital. When technically possible and safe, a BAL is performed in all mechanically ventilated patients who meet the clinical criteria of suspected VAP. These criteria include a rectal temperature of Ͼ38.0°C or Ͻ35.5°C, a white blood cell count of Ͼ10,000/l or Ͻ3,000/l, purulent sputum, and a new, persistent, or progressive infiltrate on chest X ray. In patients with localized pulmonary abnormalities, the affected region is sampled, whereas in cases of diffuse pulmonary abnormalities, the middle lobe or lingula is lavaged. Surveillance cultures of ETA are obtained twice weekly from all mechanically ventilated patients. Selective oropharyngeal decontamination (SOD) has been used since December 2011, whereas selective digestive tract decontamination, including SOD, has been used since December 2012.
The ethics committee of the institution approved the study, and informed consent was not necessary since standard care was provided.
Data collection. The BALF results of all patients consecutively admitted to the ICUs from January 2005 up to December 2012 were prospectively included. The data concerning the length of mechanical ventilation were obtained from nurse logbooks, hospital electronic patient organizers, and/or chest X rays checked for the presence of an endotracheal or tracheostomy tube. In case a patient had multiple episodes of suspected VAP, only the first episode was included. The results of ETA analysis were collected from the laboratory information system. Preferably, the ETA sample obtained on the same day the BAL was performed was used for analysis. If the ETA sample was not obtained that day, an ETA sample was used according to the following ranking: the day before BAL, the day after BAL, or 2 days before BAL. Otherwise, an ETA was considered to be unavailable. The 3-day interval was chosen because significant changes in ETA results are unlikely to occur within this time frame, and this interval proved to be superior for antibiotic guidance than was a 7-day interval (20, 21) . Paired ETA-BALF samples were subsequently compared.
Microbiological analysis. ETA Gram stains were analyzed under high power field (magnification, ϫ1,000), and the results were expressed as the presence of specific bacteria, yeasts, and/or oropharyngeal flora. ETAs were cultured semiquantitatively, and growth was described as sporadic, few, moderate, or heavy. The results of the BALF Gram stain were expressed as the number of bacteria per high power field and quantified as none, 0 to 1, 1, or Ͼ1 microorganisms. BALF samples were excluded if one or more of the rejection criteria (as described elsewhere [22] ) were fulfilled. The included BALF samples were subsequently analyzed according to a highly standardized protocol, as described elsewhere (23) . This included the identification of intracellular organisms (ICOs) per 500 counted nucleated cells on May-Grünwald-Giemsa-stained cytospin preparations that were expressed as a percentage, and quantitative cultures were expressed as CFU/ml.
Definitions. VAP was suspected in patients who met the clinical criteria when mechanically ventilated for Ͼ48 h in the 72 h before the BAL procedure. VAP was diagnosed in suspected cases when Ն2% of the BALF nucleated cells contained ICOs (10, 22, 24, 25) and/or the BALF quantitative cultures revealed Ն10 4 CFU/ml (26) . However, commensal flora (Candida spp., coagulase-negative staphylococci, Corynebacterium spp., enterococci, Neisseria spp., oropharyngeal flora, viridans group Streptococcus, and yeasts) were considered nonpathogenic and subsequently classified as negative, which is consistent with previous studies and guidelines (7, 19, 27) . Additionally, the rare growth of commensal flora in ETA cultures is presumed to be commonly present, leading to unfairly low specificity and positive predictive value in a comparison of any growth in ETA culture to significant growth in BALF culture. Three thresholds for positivity were assessed for the ETA cultures: any growth, moderate growth or greater, and heavy growth. For the BALF Gram stains, three thresholds were assessed: Ͼnone, Ն1, and Ͼ1 microorganisms per high power field.
Agreement analysis. BALF-ETA paired samples were defined as identical in the Gram staining once the same potential pathogenic microorganism(s) were identified by both the ETA and paired BALF samples, regardless of quantification. When BALF Gram staining identified microorganisms (above the assessed threshold) that were subsequently identified by quantitative culture, the BALF Gram stain result was defined as true positive.
When the ETA growth reached the assessed threshold and the paired BALF quantitative culture identified identical microorganisms at Ն10 4 CFU/ml, the paired ETA-BALF sample was defined as true positive. In patients for whom the BALF analysis revealed Ն2% of the BALF cells containing ICOs without a subsequent identification of microorganisms at Ն10
4 CFU/ml, comparing these results with those of other tests is impossible; therefore, these cases were excluded for the agreement analysis. When the ETA and BALF results were partly similar, both the similarities and dissimilarities were appraised, but a paired ETA-BALF sample was always counted as one case. For example, when an ETA culture identified Escherichia coli and Staphylococcus aureus and the paired BALF culture identified only S. aureus, the ETA-BALF sample was considered half true positive and half false positive.
Statistics. The sensitivity, specificity, and positive and negative predictive values, including 95% confidence intervals, were calculated using the VAP diagnosis based on clinical criteria in combination with BALF analysis as the gold standard. Cohen's kappa coefficient was used to quantify the level of agreement between two diagnostic tests, where Ͻ0 indicates no agreement, 0 to 0.2 indicates slight agreement, 0.21 to 0.4 indicates fair agreement, 0.41 to 0.6 indicates moderate agreement, 0.61 to 0.8 indicates substantial agreement, and 0.81 to 1 indicates almost perfect agreement (28) . The IBM SPSS Statistics version 20 for Windows (Chicago, IL, USA) software was used for analysis.
RESULTS
During the studied period, 542 BALs were performed (see Fig. 1 for a flow chart). One hundred seventy-one episodes were excluded, because these patients were mechanically ventilated for Ͻ48 h. After limiting the inclusion to the first BAL episode, 311 patients with suspected VAP remained. The median number of days the included patients were mechanically ventilated prior to the BAL procedure was nine. VAP was diagnosed in 122 (39%) patients. The VAP causative microorganisms are presented in Table 1 . Eighteen VAP cases were caused by multiple microorganisms, mainly involving S. aureus, Haemophilus influenzae, or Streptococcus pneumoniae. Methicillin-resistant S. aureus was not identified. In 288 (93%) VAP suspected patients, the results of ETA analysis were available for the comparison analysis. The characteristics of the VAP suspected patients are presented in Fig. 1 , which also contains VAP incidences according to frequently used thresholds for positivity of both ETA and BALF. The VAP rates were strongly dependent on the diagnostic modality used, as well as their applied threshold for positivity, and they varied from 15% (for BALF quantitative culture of Ն10 5 CFU/ml) to 68% (for any growth in ETA semiquantitative culture).
ETA Gram staining. Gram stains were performed in 284 paired ETA-BALF samples. The results of the agreement analyses are presented in Table 2 . The ETA Gram stain revealed a sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of 65%, 72%, 52%, and 81%, respectively, for the diagnosis of VAP (according to BALF analysis). The Cohen's kappa coefficient was 0.34.
ETA cultures. The results of the cultures were available both from ETA and BALF samples in 268 VAP suspected patients. The results of the comparison of BALF and ETA arranged according to the different assessed thresholds are presented in Table 3 and Fig.  2 . The ETA sample was obtained on the same day as the BALF sample in 129 out of 288 patients (45%). Cohen's kappa for this subgroup revealed 0.21, 0.30, and 0.27 for any, moderate or heavy, or heavy growth, respectively, as thresholds for positivity.
BALF Gram staining. The BALF Gram stains of 266 VAP suspected patients were compared to the results of the BALF quantitative cultures. The sensitivity, specificity, PPV, NPV, and Cohen's kappa values for VAP for all three assessed BALF Gram thresholds are also provided in Table 3 .
DISCUSSION
To the best of our knowledge, this is the largest study so far comparing ETA semiquantitative cultures to highly standardized BALF analysis in patients with suspected VAP. In the 311 explored VAP suspected cases, the VAP incidences were strongly depended on the diagnostic test used as well as on the thresholds for positivity, and they varied from 15% to 68%. bacteria per high power field, the sensitivity, specificity, PPV, and NPV were 90%, 67%, 45%, and 96%, respectively. When increasing the threshold for positivity to moderate or many microorganisms per high power field, the sensitivity, specificity, PPV, and NPV became 58%, 89%, 62%, and 88%, respectively. These results are in accordance with the results from the present study. Although Goldberg et al. (30) were not in favor of BALF Gram stain use, with a threshold for positivity of Ն1 bacteria per high power field, its use will probably have an attributable value in VAP management, especially when an ICO count is not readily available. Below the threshold, VAP is unlikely (16%), and above the threshold, the initiation of antibiotic treatment is justified (PPV, 82%).
Cultures.
The agreement between the cultures of ETA and BALF was only fair as well (maximum Cohen's kappa, 0.31), indicating that ETA and BAL are not interchangeable diagnostic modalities. Indeed, in contrast to the current opinion, the VAP causative pathogen will not always be identified by ETA cultures. In 2000, 12 partially similar studies that explored the value of ETA qualitative and quantitative cultures with clinical diagnoses, protected specimen brush (PSB), BALF, or autopsy were compared (31) . Overall, the sensitivity of the ETA qualitative cultures ranged from 38% to 100%, and specificity ranged from 14 to 100%. After this inconclusive review, few other studies compared ETA cultures to invasive quantitative cultures. Their results are summarized in Table 4 . Because an internationally accepted threshold for the positivity of ETA quantitative cultures is so far lacking, values of Ն10 3 to Ն10
7 CFU/ml are used (17, 21, 31, 32) . Using various thresholds for positivity in the studied population contributes to heterogeneity and thereby makes study results difficult to compare. This phenomenon can also be illustrated by looking at the present study, revealing VAP incidences from 15% to 68%, depending on the threshold used and the diagnostic modality.
A recent Cochrane systematic review (15) demonstrated no clinical advantage of invasive diagnostics with subsequent quantitative cultures over noninvasive diagnostics with subsequent nonquantitative cultures in patients with suspected VAP. This conclusion was based on three randomized controlled trials, of which the methods and results are summarized in Table 5 . In one study, the administration of antibiotics directly depended on the results of invasive or noninvasive diagnostics (11) . This study demonstrated better clinical outcomes in patients for whom invasive diagnostics were applied (11) . The two other studies adopted a more defensive policy: all suspected VAP patients received broad-spectrum antibiotics, and antibiotic deescalation was hardly applied (27, 33) . These antibiotic strategies were very exceptional in the present study, as they still are in most other Dutch hospitals (34) . Furthermore, patients with P. aeruginosa and MRSA colonization or infection were excluded in one study (27) , although these microorganisms are well-known causes of VAP. Indeed, only P. aeruginosa and MRSA necessitated antibiotic modification due to insusceptibility for empirical antibiotic treatment in one of the other included studies (33) .
Intracellular organisms. In 29 (24%) VAP cases, Ն2% of the BALF cells contained ICOs, whereas the quantitative cultures did not reveal significant bacterial growth. Compared to related studies, this percentage is rather high (24, 35, 36) . This phenomenon might be explained by the visual artifacts on the May-Grünwald-Giemsa staining or, more likely, by antibiotic use. Antibiotics may kill the bacteria (resulting in the absence of growth) but do not readily diminish the number of cells containing ICOs, which may remain visible for two additional days (10, 22) .
Extrapolation. In addition to VAP diagnosis, BALF analysis is able to reveal several other causes of respiratory deterioration by means of cell count and specific staining. These may, for example, be nonbacterial, such as Aspergillus infection, cryptococcal infection, viral pneumonia, or noninfections, such as alveolar hemorrhage, bronchiolitis obliterans with organizing pneumonia, idiopathic lung fibrosis, and sarcoidosis (24, 37) .
Overall, BAL and BALF analysis appeared to be preferred over ETA analysis for the diagnosis, differential diagnosis, and treatment of VAP. Since the positive predictive value of ETA cultures is poor, antibiotic treatment based on their results ay probably initiates inappropriate antibiotic usage and thus increased antibiotic resistance. Prospective randomized trials are warranted to further establish the exact clinical relevance of the present findings. However, since VAP incidences are declining due to both VAP care bundles (38) and selective digestive tract decontamination (39) , studies should include a substantial number of patients.
Limitations of the study. Despite the size and prospective design, there are some limitations of the study. First, due to the lack of a globally accepted gold standard for diagnosing VAP (5, 6, 40) , VAP in clinically suspected patients was defined as BALF analysis revealing Ն2% ICOs and/or significant growth (Ն10 4 CFU/ml [41] ) of potential pathogenic microorganisms. However, other authors (30, 42) suggest other BALF quantitative thresholds, such as Ͼ10 5 CFU/ml. A consequence of this definition is that cases in which BALF contained Ն2% ICOs, but no significant growth of a potential pathogenic microorganism needed to be excluded from the agreement analyses, as was previously indicated. Second, a limited number of clinical characteristics were prospectively collected and, consequently, a clinical pulmonary infection score and CDC classification could not be calculated and implemented. Information regarding which antibiotics were used in individual patients were not available. The clinical consequences in terms of antibiotic appropriateness or antibiotic overuse of an ETA-based strategy compared to a BAL-based strategy were consequently not assessed. Third, in case of multiple suspected VAP episodes in one patient, only the first episode of suspected VAP was included. Whether later episodes have a higher likelihood for VAP and should therefore have been included is unknown. Fourth and last, BALF cultures that exclusively identified significant growth of oropharyngeal flora were excluded as well, although oropharyngeal flora may be a relevant cause of VAP (43) .
In conclusion, reported VAP incidences are strongly dependent on the diagnostic tests used and their predefined thresholds for positivity. ETA Gram staining and semiquantitative cultures, even when using different thresholds for positivity, revealed only fair agreement with BALF Gram staining and quantitative cultures. BALF Gram staining, with a threshold for positivity of one or more bacteria per high power field, had moderate to substantial agreement with quantitative cultures and might be useful for initial antibiotic guidance. In contrast to what is suggested in the authoritative guidelines, these results demonstrated that ETA and BALF Gram stains and cultures are not interchangeable for diagnosing VAP. In hospitals where BAL and BALF analysis are routine practice and thus are readily available, this diagnostic modality is probably more accurate and thus preferable over ETA analysis in patients with suspected VAP. Additionally, antibiotic treatment based on ETA results may lead to inappropriate antibiotic usage and thus increased antibiotic resistance. 
